Introduction
The question of influence in arts in general and in literature in particular is certainly one of the most difficult and challenging problems that humanists have to deal with. As Harold Bloom expresses in his classical essay "The Anxiety of Influence" (Bloom, 1997), whose title is so evocative, there is a tension between the artist's aspiration to originality and his/her references to the tradition within which his/her work is rooted. Like a teenager, the artist is both continuing and disrupting a tradition. Very often, this double tendency is revealed by more or less explicit references to the works of the recognized forerunners that may be deferent, ironic or even irreverent, as in parodies. For more than forty years now, modern theories of literature (Compagnon, 1979) insist on the role of paraphrases, rewritings, citations, reciprocal borrowings and mutual contributions of any kinds. The notions of intertextuality (Kristeva, 1969; 1974) , transtextuality, hypertextuality/hypotextuality (Genette, 1982) , were introduced in the seventies and eighties to approach these phenomena. The careful analysis of these references is of particular interest in
With the digitization of contents, it now becomes possible to automatically detect some of these different phenomena (Coffee & al., 2012) . However, references to others' writings are often so altered that it's difficult to recognize their original source. So, we have to identify inexact rewritings, which is far more difficult than simple duplications, because the number of possible alterations is huge and their form surprising. There are many works attempting to identify these approximate textual homologies. Some of them are based on the distribution of words or on the density of n-grams (e.g. (Allen & al., 2010) , (Horton & al., 2010) , (Büchler & al., 2010) ). Others are based on plagiarism detection techniques, for instance on the use of 'fingerprinting'.
However, the importance is in the goal of the detection. Some researchers look for statistical characterizations of authors' lexicon allowing to track influences. For instance, where two fragments of text share more frequently words or series of words than is usual, this could be seen as an indicant of influence from one to the other. Our goal here, with the PHOEBUS project, is somehow different: it is to detect the reuses, citations, borrowings etc. through huge quantities of texts, not with the aim of statistically quantifying the influences, but to enlighten particular cases of borrowings. For instance, we would like to detect cases where one author (e.g. Balzac) reuses another one's text (e.g. Gautier), to cast light on the recycling of scientific writings, to look at the origin of the shared citations (e.g. citation of
Shakespeare in French literature) and the way they are introduced, to enumerate the uses of proverbs in novels, etc. For us, the question is not to find a number that quantifies the degree of borrowing, but to perform their qualitative analysis and the subsequent interpretation. Ultimately, our aim would be to use this work as a basis for a hypertext that could associate to a literary work the intellectual landscape around it, with annotated links that would explain the nature and the rationale of the association. This would contribute to making understood the "pretext" of the text, the word "pretext" being both taken with 
Distinctions
Before going into the details of the description of the implemented techniques, let us distinguish the different figures of literary transformations, including textual reuses and citations, which we aim to automatically detect, from two similar notions, the plagiarism and the imitation. According to Gérard Genette (1979) , the purpose of transtextuality or of textual transcendence is to establish links between texts and consequently to study the above-mentioned phenomena among which he differentiates imitations from transformations, and then, among transformations, parodies, travesties and transpositions, while among imitations, he discerns pastiches, charges and forgery (Genette, 1982) . The propose of our research is to identify different types of textual transformation by comparing huge quantities of texts, while imitation and plagiarism are out of the scope of the present study.
To be more specific, let us recall that plagiarism consists in stealing the work of another, i.e. in fraudulently appropriating his/her texts, without mentioning explicitly their origin. As such, the plagiarism is considered as an unethical practice that has to be tracked down and prosecuted. Many techniques have been developed to detect plagiarism, considered as a plague, because intellectual work is stolen (Potthast & al., 2010; 2011) . By contrast, the pastiche and other sorts of imitation, such as the charge or the forgery, are artistic practices that replicate an artist, a style or a period. There appears to be nothing wrong with this, except that charges or pastiches may mock or criticize well-known authors.
Many well-known writers, for instance Marcel Proust, began by pastiches both for fun and to improve their style. The forgery pretends to be the continuation of an author's work after his/her death, as, for instance, the following of Homer's Iliad by more recent authors. This could only be condemned when the signature is erroneous, i.e. when by contrast with plagiarism, its author doesn't mention himself, but the authorities whom he intends to imitate. The detection of imitation is close to the identification of literary style (Dinu, Niculae, & Sulea, 2012) , which requires capturing the essence of an artist's style or of a period.
Halfway from detection of plagiarisms and identification of imitation, the recognition of transformations like textual reuses and citations helps to track the literary influences, and allows penetrating the spirit of the epoch. Some of the textual reuses and citations are conscious, other not. They may correspond to explicit -or implicit -and more or less distorted quotations. Usually, textual reuses and other type of transformations proceed by altering a piece of text, while citations are verbatim, but this is not always the case. Whichever phenomenon it is, when a sufficient part of the original text is kept, its fragments can be recognized. This is exactly what we attempt to do automatically here. Reuses and approximate citations are far more difficult to detect than plagiarism, because the original fragments of text may be distorted, but far less than with pastiches and other figures of imitation. Their detection is of great interest for researchers concerned with intertextuality and transtextuality. They are useful in literary criticism, because the way the original text is transformed greatly informs about the author's mood and intentions.
Criteria
As previously said, text reuse and citation discovery is inspired from plagiarism detection, but it has to take into account all the alterations that may have transformed the initial text. To specify the type of distortions that affect a text, we started from a hand made study realized by Tania Duclos. She shows in (Duclos, 2013) [cf. (Balzac, 1976 (Balzac, -1981 reuse fragments of text from Théophile Gautier. As we shall see these manually annotated fragments are very useful because they render possible an evaluation of the efficiency of our algorithm and an optimal adjustment of the parameters. Tomlinson, 2004) stemmer so as to reduce the words to their root, which allows being independent from the inflected forms used in the text. For instance, the words "fishing", "fished", "fish", "fishes" and "fisher" are reduced to the same root word "fish".
The second step consists in extracting elementary recurring sequences of words characterized by their minimal size, i.e. by the minimal number of consecutive non-"stop words" they contain, which we call the window size -noted n w -. In addition, in order to allow missing words, we introduce possible holes. This means that a window of size 4 does not necessarily correspond to 4 consecutive words. The maximum number of possible holes -noted n h -constitutes a parameter for our algorithm. It means that window size n w of 3 and a number of holes n h of 2 covers the following sequences: Once the similar fragments are discovered, they are adjoined end to end, i.e. spliced, which build taller blocs of recurring sequences. This third step allows the detection of big recurring pieces of text.
Lastly, we contrast what we call "weak words", which are neither very significant nor very uncommon, to "strong words" that are less common, and more informative than weak ones. These words may be given manually or extracted automatically using a probability distribution of words. The fourth step of our algorithm filters the blocs of similar words of which the number of "strong words" is bigger than a minimal threshold, for instance 4. This allows eliminating noise, without loosing information, because only segments with significant words are retained. This filtering also ensures that the recurrences are longer than a minimal limit; for instance, if the threshold is equal to 4 with n w = 3 and n h = 2, it means that the pattern is necessarily composed of at least two consecutive elementary fragments.
Evaluation of the algorithm
We have tested our algorithm by comparing the obtained results with the similarities noted by Tania Duclos in her thesis (Duclos, 2013) , except the questionable ones like those that are highlighted in yellow in table 1. As usual in information retrieval, we have computed the classical evaluation criteria that are the precision, or the accuracy of the answers, the recall, which corresponds to the percentage of retrieved annotated examples, and the F-score accuracy. More precisely, we have reckoned with β = 0.5. This calculation allows getting the optimal values of the parameters (cf. table 2).
Relying on the results presented in table 2, we have chosen the following parameters: n w = 3 and n h = 2, which appears to be an optimal tradeoff between recall and precision. However, depending on the problem, the parameters may vary.
The program has been implemented in SWI-Prolog (cf. (SWI-Prolog's home)) using an external table to store hash-coded texts. This program is quite efficient: for instance it takes less than 10 minutes to index all the Balzac's "Human Comedy" (Balzac, 1976 (Balzac, -1981 , which contains more than 25 millions of characters, on a 2GHz MacPro. It then takes a couple of minutes to discover text reuses on entire novels.
Interface
As previously mentioned, our goal is to develop a tool that helps scholars to interpret textual reuses and borrowings, which requires putting them in place by inserting them in their environment. We are not only interested in the transformed fragments of the original text, but also in the context of the original and altered pieces of text, because it's only when seen in their particular setting that transformations make sense. To understand at a glance the results obtained by our algorithm, we need to visualize them and restore them in their surroundings. That is why we have designed a Graphical User Interface (GUI) that shows the textual transformations at two levels of granularity. On the first level, the zones of similarities, i.e. the detected reuses, are plotted on a square diagram in which each axis corresponds to one text (cf. figure 1) . By clicking on each red zone, corresponding to a detection textual reuse, we get access to the second level which presents the environment of the detected textual reuse that is highlighted in color (cf.
figure 2).
Figure 1: zones of similarities between fragments of Gautier (y-axe) and fragments of Balzac (x-axe)
Figure 2: a detected textual reuse with its environment
Results
Using this program, we were able to retrieve all the hand-coded reuses of (Duclos, 2013), except the "yellow" one (see table 1 ). We have also detected many other interesting citations and reuses, for instance a reuse of the Gautier's Novel entitled "Mademoiselle de Maupin" (Gautier, 2002) in the Balzac's Novel "Modeste Mignon" (Balzac, 1976 (Balzac, -1981 , which had not been mentioned before, or a citation of George Lyttleton both in "Delphine" (de Staël, 1869) and in "Ursule Mirouët" (Balzac, 1976 (Balzac, -1981 ).
We have also tested the system comparing Lautréamont's work (Lautréamont, 2009) We then compared Lautréamont to the French moralists, e.g. Pascal, La Rochefoucauld or La Bruyère.
We have retrieved many textual reuses, among which were some interesting distortions, for instance (Balzac, 1976 (Balzac, -1981 
Perspectives
In the near future, we shall extensively use our system in many fields of literature, especially on 19 th century French literature, with Balzac's work. This was the original aim of the PHOEBUS project funded by the CNRS and the OBVIL laboratory. More precisely, PHOEBUS is intended to investigate the textual reuses in different Balzac's works, especially, but not only, the novels of the "Human Comedy" and between Balzac's works and his contemporaries' works like Théophile Gautier, Benjamin Constant, George Sand etc. We also plan to digitalize the journals where many authors have published articles either under their own names or anonymously and to compare them with the "Human Comedy". A further application will be to extensively compare the work of Balzac with the scientists of his time, especially with physicians, phrenologists and physiognomists. Furthermore, we will conduct a thorough comparison with similar approaches, in particular with the algorithms developed in the PhiloLogic project (Allen & al., 2010 ), in (Büchler & al., 2011 and in the Tesserae project (Coffee & al., 2012) .
Lastly, we will attempt to test it on big quantities of texts, for instance, on the 19 th century press. The first evaluation of the current results of the PHOEBUS program with Balzac's work shows that it is possible to extend it to one or two higher orders of magnitude, which corresponds to our evaluation of the size of the 19 th century press. We are also developing the interface to make it publicly available to scholars as free software, available through the web.
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